Cocaine administration has been shown to produce immediate positive (rewarding) and subsequent negative (anxiogenic) effects in humans and animals. These dual and opposing affective responses have been more difficult to demonstrate with administration of methamphetamine (meth). While animal studies have reliably demonstrated the positive reinforcing effects of the drug, reports of negative aftereffects following acute exposure have been few in number and contradictory in nature. The current research was devised to assess the effects of acute meth using a runway model of self-administration that is uniquely sensitive to both the positive and negative effects of a drug reinforcer in the same animal on the same trial. Male rats were allowed to traverse a straight alley once a day for 16 consecutive days/trials where entry into the goal box resulted in a single IV injection of meth (0.25, 0.5 or 1.0 mg/kg/inj.). The chosen doses were confirmed to be psychoactive as they produced dose-dependent increases in motoric/locomotor activation in these same subjects. The results demonstrated a U-shaped dose-response curve for the reinforcing effects of meth in that the intermediate dose group (0.5 mg/kg) produced the strongest approach behavior in the runway. Unlike other psychomotor stimulants, like cocaine, animals running for IV meth exhibited no evidence of any significant approach-avoidance behaviors reflective of the drug's negative anxiogenic effects. These results suggest that the abuse potential for meth is likely higher than for other shorter-acting psychomotor stimulants and reaffirms the utility of the runway procedure as a screen for a substance's abuse potential.
Introduction
Acute administration of psychomotor stimulant drugs is well known to produce both positive and negative effects. For example, human users of cocaine describe an initial state of energy and euphoria followed in time by a "crash" that is characterized by feelings of anxiety, craving and agitation (e.g., Anthony et al., 1989; Gawin and Ellinwood, 1988; Williamson et al., 1997) . These dual positive and negative effects of the drug have also been observed in animal studies where cocaine is readily self-administered (Ettenberg et al., 1982; Foltin and Fischman, 1994; Goeders, 1988; Roberts et al., 1977; Woolverton, 1992) , produces conditioned place preferences (Bardo et al., 1995; Ettenberg, 2004; Mueller and Stewart, 2000; Mucha et al., 1982; Tzschentke, 1998) , and reduces the threshold for rewarding brain stimulation (Ahmed et al., 2002; Radke et al., 2016) . In contrast, cocaine has also been shown to produce enhanced anxiety in a variety of tests including the elevated plus maze (Rogerio and Takahashi, 1992; Yang et al., 1992; Ben-Shahar et al., 2008) , acoustic startle test (Willick and Kokkinidis, 1995) , and in conditioned taste aversion studies (Goudie et al., 1978) . In our own laboratory, animals demonstrate preferences for a place paired with the immediate effects of IV cocaine, but exhibit aversions for a place paired with the drug effects present 15-min after drug administration (e.g., Ettenberg et al., 1999; Knackstedt et al., 2002 ; see also Jhou et al., 2013) . On the basis of these findings, it seems reasonable to conclude that the motivation of organisms to self-administer the drug -i.e., the drug's "abuse potential" -likely reflects the relative magnitude of the positive versus the negative impact of drug administration. Consistent with this view, we recently reported that animals exhibiting a greater positive than negative response to acute cocaine (as measured in a place conditioning paradigm) were at the greatest risk for subsequent escalated cocaine self-administration, a presumed indicator of cocaine addiction (Ettenberg et al., 2015) .
The current study was devised to extend our investigation to the putative positive and negative effects of self-administered methamphetamine ("meth"). The euphoric effects of meth are reflected in the fact that it is widely abused both nationally and globally. In the 2016 World Drug Report, the United Nations Office on Drug and Crime reported that there were an estimated 35.7 million human users worldwide, with those numbers rapidly growing each year based upon the substantial increase in the amount of meth that has been seized around the world (UNODC, 2016) . Human meth users describe the drug's strong euphoric effects typically coupled with increased energy, heightened curiosity, amplified feelings of attentiveness, and reduced anxiety (Barr et al., 2006; Cruickshank and Dyer, 2009; Newton et al., 2005; Panenka et al., 2013; Perez-Reyes et al., 1991) . Like cocaine, meth is also self-administered by animals (Collins et al., 1984; Cornett and Goeders, 2013; Kucerova et al., 2012) , produces conditioned place preferences (Berry et al., 2012; Cherng et al., 2007) , and significantly decreases the brain stimulation reward thresholds (Sarkar and Kornetsky, 1995) . With respect to the drug's negative effects, while human meth users report agitation, drug craving and heightened anxiety after drug use, such data are drawn from the self-reports of drugdependent chronic meth users (e.g., Cruickshank and Dyer, 2009; Harro, 2015; Hellem, 2016; Su et al., 2017 ) and hence do not address the question of whether the motivation to seek the drug after an initial acute drug exposure is due to the greater magnitude or salience of the drug's positive relative to negative effects.
While animal research should be able to more clearly answer this question, attempts to measure the anxiogenic/aversive effects of acute meth have produced contradictory and inconclusive results. Some studies employing an elevated plus maze show meth to be anxiogenic in that treated animals increased their latency to enter or spend time in the open arms of the apparatus (e.g., Beirami et al., 2017; Miladi-Gorji et al., 2015; Pometlová et al., 2016) , while other studies have reported the exact opposite result and have suggested that the acute administration of the drug is anxiolytic (e.g., Etaee et al., 2017) . In other work, dose-dependent decreases in social interactions have been observed after meth administration and hence may be another indicator of an anxiogenic response in rats (Šlamberová et al., 2010) . While meth administration has been shown to produce conditioned place preferences for environments paired with the drug (Berry et al., 2012; Zakharova et al., 2009) , it can also produce conditioned taste aversions to a novel taste associated with meth administration (Awasaki et al., 2011) . Hence, while the positive rewarding effects of acute meth are well documented, whether or not meth administration produces subsequent aversive/anxiogenic consequences remains unclear.
In this context, the current study was devised to examine the effects of meth using a behavioral model developed in our laboratory that is sensitive to both the positive and negative actions of the drug in the same animal on the same trial. In the operant runway model of IV drug self-administration animals quickly learn to traverse a long straight-arm runway once a day for an injection of drug reinforcer upon goal-box entry (Ettenberg, 2009 ). In this model, the positive incentive properties of the reinforcer are reflected by the latency with which animals leave the start box once the start door is raised. For example, cocaine-reinforced animals exhibit progressively faster start latencies as testing proceeds. However, over trials, these animals develop an ambivalence about entering the goal-box as reflected in an increased frequency of approach-avoidance behaviors in which animals run quickly to the goal box entry, then stop and retreat back toward the start box. These approach-avoidance retreats have been shown to result from mixed positive (rewarding) and negative (anxiogenic) associations that the animals' form with the cocaine-associated goal box (Ettenberg, 2004) . Thus, on the same trial one can observe short, fast start latencies, as well as numerous approach-avoidance retreats. An additional advantage to this method is that, unlike traditional lever-press self-administration methods where the animal is essentially working to retain its drugged state, the runway procedure examines the motivation of non-drugged animals to seek their drug reinforcer each day -i.e., all the behavioral dependent measures are obtained before the drug reinforcer is delivered. Hence the data are devoid of potentially confounding nonspecific motoric effects caused by administration of a stimulant drug reinforcer. The test, therefore, has strong translational power in that human motivation to seek a drug reinforcer can also be assessed by the person's willingness to return to a place where he/she had previously obtained the reinforcer. The current study, therefore, employed the operant self-administration runway as a means of: a) examining the motivation of animals to seek IV meth, b) assessing the drug's putative positive and anxiogenic properties, and c) to thereby assess its abuse potential relative to other psychomotor stimulant drugs of abuse previously tested using the same procedure.
Materials and methods

Subjects
Thirty male Sprague-Dawley rats weighing 270-320 g at the beginning of the experiment (Charles River Laboratories, Hollister, CA) served as subjects. The animals were housed in standard rat cages located within a temperature-controlled (22°C) vivarium maintained on a 12-h light and dark cycle (lights on at 8:00 am). Food and water were available ad libitum throughout the course of the experiment. Upon arrival, the rats experienced a week of gentle handling prior to the start of the study. All treatments and methods adhered to the guidelines provided in the National Institute of Health Guide for the Care and Use of Laboratory Animals and were reviewed and approved by the University of California at Santa Barbara's Institutional Animal Care and Use Committee (IACUC).
Surgery
Immediately prior to surgery, each subject received a subcutaneous (SC) injections of the non-opiate analgesic, meloxicam (2.0 mg/kg) and the opiate antagonist, buprenorphine HCL (0.05 mg/kg), to reduce postoperative pain. Subjects were then individually implanted with a chronic indwelling intravenous (IV) catheter placed into the right jugular vein where it was secured in place with silk sutures. Surgery was conducted under deep anesthesia produced by an intramuscular (IM) injection of ketamine/xylazine (56.25 and 7.5 mg/kg respectively). Each IV catheter consisted of 13 mm of silastic tubing (0.3 mm inner diameter and 0.64 mm outer diameter). Once secured in place, the open end of the catheter was passed subcutaneously to a threaded 22-gauge guide cannula (Plastics One) that exited through a 2.0 mm hole on the animal's back. While still anesthetized, each subject received a 3.0 ml injection of 0.9% physiological saline for hydration The guide cannula was held in place by affixing it using dental acrylic to a 1.0 cm square of Mersiline mesh (Bard) positioned flat and sub-dermally on the animal's back. Each catheter was flushed daily with infusions of the antibiotics cefazolin and gentamicin (0.1 ml IV each) followed by an infusion of heparinized saline (6.25 IU, 0.1 ml IV) to prevent against infection and to ensure patency. Catheter patency was assessed during the course of the experiment by administering a 2.0 mg/kg/0.1 ml IV injection of the fast-acting barbiturate, methohexital (Brevital), which caused the animals to momentarily lose their righting reflex. Four animals in this study had to be removed from the data analyses due to failure of the Brevital test midway through the experiment.
Drugs
The methamphetamine (Sigma-Aldrich) was dissolved in 0.9% physiological saline and sterile filtered through a 0.22 μm filter (ThermoScientific). The drug reinforcer was administered in doses of 0.25, 0.5, or 1.0 mg/kg IV in a volume of 0.1 ml over a period of 4.3 s. The selected range of doses was chosen to mimic aspects of human use on a dose/body weight basis and to be comparable to those reported for locomotor activation in rats following IV administration of the drug (e.g., Rivière et al., 1999; Segal and Kuczenski, 2006) . The selection of doses that produce locomotor activation was based on the observation that the locomotor response to psychomotor stimulants, including methamphetamine, has been shown to be predictive of drug reward as measured by subsequent IV self-administration (e.g., Piazza et al., 1989 Piazza et al., , 1990 Vezina, 2004; Gancarz et al., 2011) .
Runway apparatus
Behavioral testing was conducted in two identical straight-arm runways (155 cm long × 15 cm wide × 40 cm high). On one end of each runway was a start box (24 cm × 25 cm × 40 cm) and on the opposite end an identically-sized goal box. Two retractable doors separated the middle section of the runway from both the start and goal boxes. The floors of the apparatus consisted of 3.0 mm diameter steel rods oriented perpendicular to the walls and spaced 1.2 cm apart. Thirteen pairs of infrared photodetector-emitter beams were situated 16 cm apart along the interior length of the runway. These photocells fed information to a laptop computer running AnyMaze software that tracked the movements and location of subjects in real time throughout each trial. This software also controlled the opening of the start box door, as well as the closing of the goal box door and activation of a syringe pump that delivered the meth reinforcer to a subject upon its entry into the goal box. Suspended above each runway were two magnetic rails that ran in parallel down the length of each apparatus, and between them there was a flow-through plastic swivel attached to a Plexiglas disc that prevents the swivel from falling through the gap between the rails. A magnet aligned to the bottom of the disc was arranged with the opposite polarity to that of the magnetic rails thereby allowing the entire swivel to float a few cm above the rails. This permitted subjects to move freely throughout the apparatus with minimal friction or resistance. Polyethylene-50 tubing ran from the flow-through swivel to the guide cannula on each subject's catheter, with the other end attached to the drug delivery syringe. A more detailed description of the runway apparatus can be found in Geist and Ettenberg (1990) .
Locomotor activity apparatus
To assess the ambulatory behavior of the animals, subjects were individually placed into one of 12 identical Plexiglas chambers each measuring 20 cm L × 40 cm W × 20 cm H (Kinder Scientific, San Diego, CA). A series of infrared photodetector-emitter pairs were embedded in the walls 8 cm above the floor of the apparatus, with 15 along either side of the long axis and 7 along the narrow axis of the apparatus. Any movement within the chamber produced interruptions in the photobeams that were then recorded by a desktop computer running custom software (Kinder Scientific).
Procedures
Behavioral testing commenced one week after IV catheterization and consisted of 17 days of runway testing (one day of habituation to the apparatus followed by 16 days of methamphetamine-reinforced runway trials). Approximately one week following completion of the runway phase of the study, the effects of the selected doses of methamphetamine were examined on the locomotor activity of the subjects during a single test session.
Runway
The runway procedure employed here has been developed in and previously used by our laboratory for the study of a wide range of drug reinforcers (i.e., see review by Ettenberg, 2009) . Each rat was randomly assigned to one of three groups corresponding to a low, medium and high dose of meth (0.25, 0.5, or 1.0 mg/kg/inj, respectively). Animals were permitted to acclimate to the apparatus during a single habituation trial consisting of 10 min exposure to the apparatus during which the subjects were individually permitted to wander throughout and explore the runway (with the exception of the goal box, the door to which was closed). On the following day, formal testing and data collection began. Each animal was connected to the drug delivery system, and placed into the start box where, after 5 s, the start door opened, and the trial commenced. Upon entry into the goal box, the goal door closed behind the animal (to prevent retracing) and an IV infusion of methamphetamine was automatically administered. Each animal then remained in the goal box for 5-min after which it was disconnected from the drug delivery system and returned to its home cage.
Data collection on each trial entailed three dependent variables: start latency, run time, and approach-avoidance retreat frequency. Start latency was defined as the time that it took the rat to leave the goal box once the start door opened; run time was total time that it took the rat to enter the goal box after leaving the start box; and the "retreats" were defined by a change in the direction that the animal was moving -i.e., moving in the direction of the goal box (approach) for a distance of at least three photobeams (48 cm) and then stopping and reversing its direction back toward the start box (avoidance) by the distance of at least two photobeams (32 cm). By testing subjects on only one trial a day, these behavioral measures were collected in non-drugged subjects and hence were unaffected by any potential confounding non-specific or motoric side effects of the drug itself. In this context, start latencies and run times provide an index of the subject's motivation to seek the reinforcer, while the development of approach-avoidance retreat behaviors is reflective of dual positive + negative associations that animals develop about goal box entry due to mixed and opposing effects of the drug reinforcer (e.g., see reviews by Ettenberg, 2004 Ettenberg, , 2009 ).
Locomotor activity
One week following the completion of runway testing, a locomotor activity test was conducted to ensure that the doses employed in the current study were behaviorally effective (i.e., produced locomotor activation). Each subject was placed individually into an assigned locomotor chamber for 30 min of baseline testing after which subjects were removed, injected with their corresponding IV dose of methamphetamine, and immediately replaced into the apparatus for an additional 60 min test session. The total distance traveled (cm) by each subject was recorded during both the baseline and test segments of the session for statistical analyses.
Results
Runway
The group means ( ± SEM) for each of the three dependent measures (start latency, run time, and retreat frequency) during the course of the 16-days/trials of the runway test are depicted in Fig. 1 . Final group sizes were n = 10, 10, 6, respectively for the low, medium and high doses of methamphetamine. Individual two-factor (Group x Trial) Analyses of Variance (ANOVA) were computed for each of the three measures shown in the figure. Analysis of the mean start latencies of the three groups revealed a significant main effect of Trials [F (15,345) = 3.848, p < .001]; i.e., when averaged across all subjects, animals left the start box faster as trials progressed. This effect was the same across groups as there was no significant main effect of Group nor a significant Group x Trial interaction (p > .05). The ANOVA computed on run times revealed significant main effects for Trials [F (15,330) = 4.594, p < .001], Group [F(2,22) = 3.905, p < .04], as well as a significant Group x Trial interaction [F(30,330) = 2.141, p < .002]. As the figure illustrates, the interaction stems from the fact that group differences appearing during the first half of trials were no longer present during the remaining week of testing (middle panel of Fig. 1 ). These initial differences in group performance reflected an inverted-U-shaped dose-response curve in that the fastest runway behavior was exhibited by the medium dose group with both the low dose and high dose groups taking the longest to enter the goal box. Post hoc analyses (one-tailed independent-group t-tests) computed on the average run times exhibited by the three groups during the first seven days of testing, confirmed that while the high and low doses were not significantly different from one another (p > .05) the 0.5 mg/kg group entered the goal box sooner than either the 0.25 or the 1.0 mg/kg groups (respectively, t(18) = 1.73, p = .05 , and t(14) = 3.42 , p < .003). Finally, the frequency of approach-avoidance retreats exhibited by the three groups was low (averaging less than 1 retreat per animal per trial over the course of the 16 days of testing), a result reflected in the fact that the ANOVA identified no significant main effects of Trial or Group, nor a Group x Trial interaction.
Locomotor activity test
A two-factor Group x Time ANOVA computed on the data derived from the 30-min baseline confirmed a highly reliable main effect of Time ((F,5115) = 50.19, p < .001) as animals habituated to the apparatus. However, there was neither a Group × Time Interaction nor a main effect of Group (p > .05) indicating that all animals performed equivalently as the trial progressed. The locomotor behavior of the subjects after IV administration of meth is depicted in Fig. 2 . The figure shows the mean ( ± SEM) distance traveled (cm) during each 5-min bin of a 60-min test session immediately following drug administration. For comparison, the mean ( ± SEM) distance traveled during the last 5-min of baseline are included at the far left of the figure. Meth administration produced a dose-dependent increase in responding as confirmed by computation of a two-factor (Group x Time) ANOVA on the data derived from the 60-min test session. The ANOVA revealed a significant main effect of Time [F(11,253) = 22.27, p < .001] and while there was no main effect of Group [F(2,23) = 1.05, p > .05] there was a reliable Group x Time interaction [F(22,253) = 1.66, p = .035] reflecting the fact that the high dose produced elevated responding for a longer duration than either of the other two doses (see Fig. 2 ).
Discussion
Animals traversing a straight alley and entering a goal box once a day for a single IV infusion of methamphetamine demonstrated a progressively stronger motivation to seek the drug as testing progressed. This conclusion is based upon the observations of faster start latencies and run times over the course of daily trials. These data are consistent with prior reports that animals will develop preferences for places associated with meth administration (e.g., Berry et al., 2012; Cherng et al., 2007) and will self-administer the drug in traditional operant lever-press models of drug reinforcement (e.g., Collins et al., 1984; Cornett and Goeders, 2013; Kucerova et al., 2012) . Unlike the conditions of traditional operant self-administration, in the runway model the animals are tested each day in a non-drugged state, and hence are unaffected by any nonspecific motoric actions of the drug reinforcer. Thus, the start latencies and run times provide drug-free indices of the subjects' motivation to return to a place associated with prior meth administration. The procedure, therefore, combines aspects of both operant (subjects must run to earn the reinforcer) and conditioned place preference methodologies in the same animals on the same trial.
Long classified as a psychomotor stimulant, meth has been shown to produce locomotor activation in animal studies (e.g., Segal and Kuczenski, 2006; Wallace et al., 1999; Zakharova et al., 2009 ) and all three doses of meth produced locomotor activation with the highest dose (1.0 mg/kg) producing the longest duration of action (see Fig. 2 ). The absence of a significant main effect of "Group" in the ANOVA, is likely due to a ceiling effect during the initial 15-20 min of the test when animals were locomoting between 1700 and 2500 cm in each 5-min period. An unexpected finding, however, was that subjects appeared to be most motivated to run for the intermediate dose (0.5 mg/ Fig. 1 . Runway behavior of rats working for IV methamphetamine. The data depict mean ( ± SEM) start latencies (top graph), run times (middle graph) and retreat frequency (bottom graph) of animals running a straight alley once each day for single daily infusions of IV methamphetamine (0.25, 0.5, or 1.0 mg/kg). Fig. 2 . Methamphetamine-induced locomotor activity. Mean ( ± SEM) ambulatory behavior over a 60-min test session produced by administration of 0.25, 0.5, and 1.0 mg/kg IV methamphetamine. The data are presented as distance traveled (cm) during each 5-min bin. The disconnected scores on the far bottom left of the figure reflect the mean ( ± SEM) distance traveled during the final 5-min of the preceding baseline period prior to drug administration. kg) of meth, which produced the fastest start latencies and run times. The data therefore suggest an inverted U-shaped dose-response curve with all three doses producing evidence of reinforcement but the middle dose having the strongest behavioral impact. No comparable data exist for the conditioned place preference test (the most comparable test to the runway) since such tests have always been conducted with an IP as opposed to an IV route of administration.
The progressive changes in start latency and run time in the low and high dose groups can be accounted for if the subjects required multiple exposures to the goal box before learning an association between the goal box and the drug. In that scenario, as subjects learn that goal box entry is paired with IV meth administration, their approach behavior strengthens. An alternative explanation is based upon reports that repeated single daily injections of meth can produce a sensitized/enhanced behavioral response to the drug that parallels changes in the function of the underlying substrates at which the drug acts (e.g., Jedynak et al., 2012; Nishikawa et al., 1983; Ota et al., 2015; Yamada et al., 1988) . The changes in start and run times over trials would therefore be explained by sensitized changes (i.e., increases) in the rewarding value of the meth as trials progressed. While this remains a viable explanation for the current results, it does not, of course, account for why the intermediate dose group ran quickly from the outset. Hence, the authors maintain that the most parsimonious explanation for group differences in runway behavior was due to the relative rewarding impact of the goal box experience -i.e., that the intermediate dose was more rewarding to the subjects than either of the other two doses.
As indicated in the Introduction of this paper, the presence or absence of aversive/anxiogenic effects after acute administration of meth has produced contradictory and inconsistent results (e.g., Beirami et al., 2017; Etaee et al., 2017; Pometlová et al., 2016 ). An examination of the subjects' retreat behavior suggests that, unlike that which we have previously observed in animals running for IV cocaine (e.g., Geist, 1991, 1993; Guzman and Ettenberg, 2007; Knackstedt et al., 2002) , rats running for meth did not exhibit signs of any significant aversive consequences of the drug administration. This is reflected in the extremely low frequency of approach-avoidance behaviors (averaging a little over one retreat per group per trial), hence there is little evidence for the development of mixed positive + negative associations with goal box entry (e.g., see Ettenberg, 2004 Ettenberg, , 2009 . If one presumes that the motivation to re-seek a drug after an initial exposure is a function of the organism's perceived relative reward versus aversive effects of the drug, then the current results would suggest that meth has relatively high abuse potential.
On the surface, the retreat data would seem to be in contradiction to the reports of human chronic users of the drug who describe a "crash" that follows on the heels of the drug-induced "high" (e.g., Cruickshank and Dyer, 2009; Harro, 2015; Hellem, 2016; Su et al., 2017) . However, these human subject studies invariably describe the affective responses of drug-dependent individuals withdrawn from meth and therefore do not address the question of whether or not the initial acute exposures to the drug have such effects. Of course, one might argue that the negative effects of methamphetamine might have been observed had additional higher doses of drug been examined in the runway. While this certainly is a possibility there is no a priori reason to conclude that increasing the dose of methamphetamine would have produced results any different from those reported here. Indeed, the high dose employed here was four-fold higher than the low dose. Additionally, the approach for selecting the doses in the current study (based on locomotor activation and IV self-administration) was precisely the same as that which we employed in numerous previous studies with other drugs of abuse, yet only cocaine produced evidence of approach-avoidance behavior with respect to goal-box entry (see review by Ettenberg, 2009 ). These differences in drug effects may be accounted for by the fact that meth has an extremely long duration of action which serves to heighten the perceived rewarding impact relative to any subsequent anxiogenic consequences. For example, when the subjective responses of human users were directly compared for cocaine versus meth, the positive euphoric effects of cocaine peaked and then declined rapidly while the effects of meth tended to rise more slowly, but remained elevated longer (Newton et al., 2005) . Indeed, while the plasm half-life of IV cocaine in rats has been reported to be approximately 18 min (Barbieri et al., 1992) , comparable doses of IV meth have a half-life in excess of 63 min (Rivière et al., 1999) . A similar phenomenon has also been observed in human subjects where IV meth has been reported to have a half-life of 12 h (Cook et al., 1993) compared to a cocaine half-life of just over 1.5 h (Perez-Reyes et al., 1994 ). Meth's rapid onset of positive effects paired with its long duration of action, and the consequent delayed onset of any adverse consequences, is thought to be key factors contributing to the high abuse potential of the drug (National Institute on Drug Abuse (NIDA), 2013). In the runway, these same factors reduce the likelihood of the subjects associating the goal box with anything but the immediate positive rewarding actions of the drug, and hence no ambivalence about goal box entry develops. Indeed, IV heroin − which also has a long duration of action -produced a behavioral profile in the runway similar to that observed here with methamphetamine (Ettenberg and Geist, 1993) , and the abuse potential of heroin is significant, as evidenced by the growing national "epidemic" of heroin addiction worldwide. This is, of course, consistent with the view that the runway model can serve as a useful behavioral screen for the abuse potential of psychoactive substances (Ettenberg, 2009 ).
